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AlIR REVITALIZATION UNIT FOR SEALED
SURVIVAL SHELTERS

Technical Report R-697

YF 38.5634.006.01.014

by
D. E. Williams
ABSTRACT

An air revitalization unit for use with sealed survival shelters without
an external power supply was developed. The unit is capable of supplying
oxygen to and removing carbon dioxide and odors from a 100-man personnel
shelter for a 24-hour period. The system utilizes (1) a dry chemical absorbent
(Baralyme) for carbon dioxide removal, (2) pressure cylinders for the oxygen
supply, (3) an activated charcoal filter to remove odors, and (4} a battery-
powered fan for air circulation. A prototype unit was designed, fabricated,
and tested. Following tests of individual components, a 24-hour continuous
test of the unit was completed. In general, the test results for the chemical,
mechanical, and structural aspects of the air revitalization unit were affirmative,
A similar assessment cannot be made for the human element inherently involved
with the operation of the unit.
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INTRODUCTION

In the event of a nuclear attack both military operations and civilian
survival coordination would be directed from protective struciures. During
this emergency, personnel occupancy in the underground installation might
extend to 2 weeks. Normally, outside air would be used for ventilation.
However, a supply of outside air is not assured. Circumstances could arise
where the mechanica! ventilation system of the shelter would be rendered
inoperable because of power supply or equipment failure, or because of
mass fires or firestorms, thereby requiring that the underground instaliation
be isolated from the surface,

In 1965 the Naval Facilities Engineering Command (NAVFAC)
requested that the Naval Civil Engineering Laboratory (NCELY} investigate
the problem of supplying oxygen to and removing carbon dioxide and odors
from a sealed protective shelter without an external power supply and then
develop an air revitalization unit to cope with the problem. The project was
performed in three parts—concept study, design, and test and evaluation.

BACKGROUND
Concept Study
A study was made to develop concepts for a system which would

mitigate by chemical environmental control the undesirable effects of the
vitiated shelter atmosphere.! Chemicals and equipment currently in use or

being contemplated for use in submarines and space capsules were investigated.

The study included regenerative systems and nonregenerative systems which
were purported to be capable of manual operation.

Nonregenerative systems contain a store of chemicals which are
continuously being depleted when the system is in operation. Once the
chemicals have been used, air revitalization ceases. Nonregenerative systems
are bettor suited for installations where an interruption of the power supply
may more likely occur. Although they normally require electrical power for
aperation, they can be designed for manual or very low power operation.



A regenerative system consists of equipment which operates
continuously and indefinitely as long as it is supplied with power. It
usuatly has a high power demand, so therefore it cannot be manually oper-
ated. Therefore, it is better suited for installations with reliable emergency
power, Several regenerative systems have been developed for use aboard
nuclear submarines, but the practical usefuiness of most of them has not
been established for emergenicy shelter use.

The five concepts which were developed are described briefly in
Table 1. Of these, two nongenerative systems, concepts 1 and 5, appeared
10 be the most attractive.

Concept 1. Concept 1 would use the enzyme of carbonic anhydrase
along with conventional materials to control and absorb carbon dioxide. Since
this system was not within the state-of-the-art fcr emerg:ncy shelter applica-
tions, a contract was let to the Electric Boat Division of General Dynamics, Inc.
to evaluate the potential of the system. The investigation was divided into two
phases—Phase |, process study, and Phase !, concept study. All work under
the contract was completed in October 1967 and the results were reported by
the contractor in References 2 and 3.

The Phese | etfort included a feasibility study of three chemical
solution absorbents, an analysis - f the relative merits of each, and the solution
recommended to be used in developing the Phase I, concept study. The three
solutions originally selected for evaluation in detai! were potassium hydroxide,
sodium hydroxide, and potassium carbonate—bicarbonate—carbonic anhydrase
mixture. The solutions were tested using a packed-column section with con-
current flow of scrubbed habitat air and recycled absorbent solution. Operating
variables, such as solution concentrations, percent conveysion, airflow rate, and
solution flow rate were evaluated. Of the three, the potassium hydroxide solu-
tion was generally superior and was recommended for the Phase |1, concept
study.

The Phase Il effort was concerned with the study of two concepts,
each of which used a b-foot packed-column section with concurrent flow of
liquid absorbent and recycled air from the habitat. It was concluded that the
most prornising concept would be a manually controlled system based on an
initial batch process which would proceed to a continuous feed and bleed
process after the desired carbonate concentration was reached. |t was further
concluded that a solid carbon dioxide absorbent system would be generally
superior to a chemical solution absorbent system,
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Concept 5. Concept 5 would use conventional materials proven
reliable by existing submarine and space craft life support systems. This
concept would use the hydroxides of earth metal salts for carbon dioxide
removal and high-pressure oxygen cylinders for the oxygen supply. Included
in the system would be an activated charcoal filter to remove odors and a
fan for air circulation. Because of the high probability of success and because
concept 1 did not warrant further attention, the concept 5 system was selected
for development,

Design

The design which evolved from Reference 4 was used to prepare
specifications for a prototype unit in which the most suitable environmental
control techniques were integrated with the total requirement of the shelter.
The design was developed in three phases—the evaluation parameters and
design criteria were established, the chemical and mechanical components
were selected, and then the components were arranged.

Three evaluation parameters—operational, functional, and
economical—were established. Operational parameters dealt with the
human element and included safety, simplicity, and power availability.
Functional parameters dealt with the chemical and mechanical aspects of
the unit and included reliability, efficiency, power requirements, and operating
temperature range. Economic parameters included not only cost but also voli-
ume and weight requirements,

Since this unit was being designed for general use (that is, not for some
specified facility), the design criteria, although somewhat arbitrary, were based
primarily on NAVFAC specifications from Reference 5. It must be stressed
that the application of this unit is limited to a shelter atmosphere that, because
the structure has been sealed, is not subject to external contaminants, such as
chemical and biological warfare agents. The basic criteria are summarized as
follows:

Shelter capacity: 100 sedentary adults

Sealed occupancy period: 24 hours

Air circulation rate: 3 c¢fm per person

Unit airflow resistance: 0.25 inch of H20 at 300 cfm
Unit power requirements: 0.03 hp

Operating temperature range: 35°F to 90OF



In the prototype unit, odors would be removed by a filter using
30 pounds of activated charcoal. Oxygen would be supplied by pressure
cylinders storing 2,500 scf of oxygen. Carbon dioxide would be removed
by 960 pounds of Baralyme, a dry chemical absorbent. The Baralyme would
be in a parallel bed arrangement made up of 24 trays. Baralyme was selected
as the most promising absorbent—safest to use, lowest airflow resistance,
least expensive—based on a literature search followed by an experimental
evaluation. Air would be circulated by a battery-powered fan, The batteries
would remain on trickle charge while the unit is inoperative.

Test and Evaluation

The final step in the development of the prototype unit is reported
here, In addition, the most significant factors influencing prototype design
are discussed briefly,

DESIGN CONSIDERATIONS
Operational Parameters

Manual Power. Studies to determine sustained manual power output
have been conducted under Office of Civil Defense contracts in connection
with the development of emergency shelter ventilation equipment. The
selection of a bicycle-type drive was common to all of the investigations.

The manual power input was determined to be a limiting factor. In Reference 6,
it was concliided that an average man could produce 0.1 hp for several hours.
This conclusion was challenged in Reference 7, where average men were tested
and were found to be capable of producing 0.1 hp for 7 to 10 minutes before
excessive tiring. A more extensive test program was reported in Reference 8,
where 0.1 hp was produced for a 3-hour shift which was divided into 22-1/2/
7-1/2-minute work/rest cycles. The participating group was comprised mostly
of college students.

Unfortunately, no test has been conducted at elevated effective
temperatures, no test has been conducted in a vitiated atmosphere, and no
test has been conducted with an average male cross sectional group. Fur-
therrnore, the role of a NAVFAC shelter, operational or otherwise, has not
been so defined that a reasonable estimate of the physical capacity of shelter
occupants can be made at the present time. In short, it was concluded that a
potential health hazard from overexert:,n existed and that the power supply
was a most significant parameter.



When the developmental phase of this task was initiated, the general
lack of confidence in a manual power sunply combined with no definite
information on which to base an estimate of the power requirements for the
system resuited in a division of effort between minimizing the power require-
ment and circumventing the need for manual power. In a sense, both were
successful, Experimental work with the carbon dioxide absorbent, which was
discussed in detail in Reference 4, indicated that a total system pressure drop
of 0.25 inch of water was feasible. This, combined with a 300-cfm airflow
rate and 60% fan efficiency, would require a 0.02-hp input. In the meantime,
the use of a specialized storage battery power supply was found suitable for
survival shelter applications,

Simplicity of System. The development of the PVK (Package
Ventilation Kit) for the Office of Civil Defense provided invaluable human
factors input for the design of the air revitalization unit.81® The PVK is a
manually operated emergency shelter ventilation system which consists of
a disassembled, bicycle-driven propeller exhaust fan and a collapsed plastic
duct, both of which are to be assembled and used by the occupants of the
shelter without p::or indoctrination. The most significant relationship
between the PV K and this project is that it must be assumed that both
systems will be operated by similar groups. Of the people tested in the PVK
program, most were able to assemble and operate the PVK, using the included
instructions. Only a minority, but a most significant minority, were totally
unsuccessful. This included one group that assembled and operated the fan
without the duct and a number of groups that persisted in operating the fan
as an inlet system, which is impossible because the plastic duct would remain
collapsed. Partial restrictions in the duct, caused by a combination of
improper installation and the tendency for some occupants of the shelter to
lean against or even sit on it, were more ordinary operational problems. It
would appear that perfectly bright, normat people are quite capable of making
rather serious mistakes, and what would seem to be common sense is some-
times an uncommon quality.

A number of observarions can be made from the PVK project. First,
simple but very serious mistakes, not gross blunders, were made from misin-
terpreting simple instructions. Second, there exists a potential lack of
communication which is difficult to identify when instructions are prepared.
That is, what seems obvious to the designer is sometimes quite obscure to
the occupants of the shelter. Third, although instructions should be both
simple and terse, some effort should be made to explain why the instruction
is being given and what will happen if it is not followed. Fourth, every effort
should be made to eliminate any procedure which might require that a decision
be made by any nonindoctrinated shelter occupant.

e e



Functional Parameters

Chemical Environment. Chemical environmental effects were presented
in detail in Reference 1. They are discussed here only briefly and mostly in
tabular form. Table 2 lists the effects of oxygen deprivation.'! Table 3 lists
the effects of elevated carbon dioxide concentration.'-12 [t should be noted
that neither table presents information about combined effects. It can only
be surmised that the deleterious effects of one situation would be potentiated
by the other. Table 4 lists the effects of carbon monoxide and is included
mainly to stress the requirements for protection against infiltration of the
gas.! Carbon monoxide is the most significant trace gas and cannot be con-
trolled by ordinary filtration techniques &s can odors. In general, odor control
is of secondary importance since cdors can be tolerated physiologically. their
most significant impact is psychological.’™® [t should be noted that the olfac-
tory senses adjust and become less sensitive, sometimes even immune, to the
same odor upon continuous exposure. The problem tends to seek its own
natural solution,

Thermal Environment. The effects of the thermal environment are
presented in Table 5. The thermal environment is related to the chemical
environment in two ways, First, and most important, the effectiveness of
the carbon dioxide absorbent is temperature dependent, becoming less
effective as the temperature decreases. At the present time, no solid absor-
bent is effective below 35°F. Second, as the temperature decreases, the
metabolic rate increases. The sensible heat production increases, and the
latent heat production and body water dissipation decreases, as shown in
Table 6. The chemical environment is bounded, in a sense, by the thermal
environment. At low temperatures, the carbon dioxide absorbent is not
effective; at effective temperatures exceeding body temperature, life cannot
be sustained for long periods of time. Since no power wili be available for
refrigeration during the sealed period, it may be necessary to precool shelters
located in areas which are subject to seasonal extremes of temperature and
humidity, as shown in References 16 and 17. It may be necessary to warm
shelters which are subject to seasonal internal temperatures below J5°F 14
1t can be zhown, however, that this is not a problem for buried structures
in general because .ubsurface soil temperatures drop below freezing only as
polar regicns are approached and because the metabolic heat load is adequate
to warm an unventilated shelter which is insulated.8



Table 2. Etfects of Oxygen Deficiency

Cxygen Content

Ettects at Atmospheriz Pressure

f Inhaled Air . .
otin a,ed ! in Otherwise Normal Aur
{%)
2 Normat air
17 Minimum design concentration for submerines; no prolonged
adverse effects
15 No immediate adverse effects
106 Dizziness, shortness of breath, deeper and more rapid
respiration, gquickened pulse
7 Stupor onset
s Minimai concentration tor life
2103 Mamentary death

Table 3. Effects of Carbor Dioxide

Carbon Dioxige

Content of Effects at Atmospheric Pressure
Inhaled Air in Qtherwise Normal Air
(%)
.03 Narmal ar
05 No adverse effects in 8 hours
1.0 Breathiny deepear, slight increase in lung ventilation
rate
2.0 Breathing deeper, 50% 1ncrease in lung ventilation rate
3¢ Breathing deeper, discomfurt onset, 100% increase in lung
ventilation rate
4.0 Breathing labored . rate quickened. considerable discomfort,
200% increase in lung ventilation rate
50 Breathing extremely 1abored, severe headaches, nausea
cnset, 300% increase in lung ventilation rate
7.0109.0 Limit of tolerance
10.01c 12.0 Loss of coordination, momentery toss of concicusness
15.01020.0 Symptoms increase, probably fatal on hourly exposure
25.0t0 30.0 Diminished respiration, blood pressure drop, coma,

anesthesia, fatal on hourly exposure
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Tabie 4. Carbon Monoxide Toxicity

Carbon Monoxide
Content of Effects at Atmospheric Pressure
tnhaled Air in Otherwise Normal Air
(%)
0.01 Maximum altowable concentration; no il effects in
8 heurs
0.02 Headaches in 2 to 3 hours
0.04 Headaches and nausea in 1 to 2 hours
0.08 Headaches, nausea and vertigo n 3/4 hour; collapse in
2 hours
0.16 Hesdache, nausea and vertigo in 20 minutes; collapse,
unconscigusness, and possibly death in 2 hours
0.32 Headaches and vertigo in 5 to 10 minutes, unconscious-
ness and danger of death in 30 minutes
0.64 Headaches and vertigo in 1 10 2 minutes; uNcoNsCIOL eSS
and danger of death in 1C 10 15 minutes
Table 5. Thermal Limits for Human Tolerance
Effective
Effects on Healthy Pecple a1
Temperatyre
(OF) Rest, Properly Ciothed
35 Lowest temperature endurable in cald weatner for at
least 2 weeks in emergencies
351050 Possible chilblain, or shelterfoot
50 Lowest acceptable for continuous exposure; manual
dexterity may be affected
681072 “Optimum™ tor comfort, with 60% relative humidity
78 Perspiration threshold; acceptable for continuous expo-
sure
85 Endurable in emergencies for at least 2 weeks. Possible
heat rash in prolonged exposures
88 Possibie heat exhaustion in unacclimated people
92 Possible heat exhaustion in acchmated people
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Table 6. Metabclic Heat Losses for Sedentary Adults

Dry-Bulb Sensible Latent Heat Loss
Temperature Heat Loss

(°F) {Btu/hr) BturHour Pound Water/Hour

50 335 65 0.662 1oz
60 336 70 0.067 E
70 300 1090 0.096 :_;
80 220 180 0.173 ;
90 15 285 0.274 2
100 0 460 0.384 :
110 -120 520 0.499

An earth cover, or i1s equivalent radiation shield, will also serve
adequately as thermal insul. tion from a topside firestorm, just as the soil
surrounding a buried structure will act as an insulator with respect 1o heat
generated from within. The primary source of heat will be the metaboiic
heat generated by the occupants of the shelter, The metabolic heat gener- B
ated (Figure 1) varies with activity and has been assumed to be 400 Btu/hr
per person for shelter occupants. The temperature rise resulting from the
metabolic heat load will always be beneticial for the solid carbon dioxide
absorbernts. First, the moisture content of saturated air increases with
temperature, and, second, the reaction rate, even for exothermic reacticns,
increases with temperature, in general, the increase in temperature will
benefit the occupants in a cold shelter and will hinder those in a hot shelter,
particularly if the initial humidity 1s high.

R N R T T ST,

o Al P

ik,

Carbon Dioxide Absorbent. Baralyme was selected as the most
promising carbon dioxide absorbent (Reference 4) primarily because it is
safe for untrained people to handle and to use and because It requires less
power input for air circulation. Also, itis cheaper.

Since the air circutation rate has a fixed minimum regardiess of the
absorbent, the system power requirement is then proportional to the system
airflow resistance. The Baralyme system proposed here has a total pressure
drop of 0.25 inch of water at 300 ¢fm. A comparable iithium hydroxide
systern using Navy cannisters would have a minimum pressure drop of
1.5 inches of water at 300 cfm, thereby requiring 6 times the power input.'9.20

10




4,365

Heat Production {Btu/hr)

T T sleeping sitting typing walking lking working walking
at rest rapidly at 2 mph 2t 4 mph store up stairs

Figure 1. Heat production of the human body from various activities.

A review of the literature revealed that, until the Navy cannister was
developed by the Naval Research Laboratory, the use of lithium hydroxide
aboard submarines was tenugus at hest. The devetopment of the cannister
alleviated most of the inherent dusting and caking problems associated with
the absorbent.'® If lithium hydroxide were to be used in a shelter air revital-
1zation system, 1t was deemed inadvisable to deviate from the use of the
cannisters, and the absorbent was evaluated on that basis. A sealed survival
shelter is not 4 submarine. A submarine has a trained crew and, even if
disabled, has a limited power supply. 11 cannot be assumed that shelter
occupants will be trained or even particularly well disciplined. In addition,
there will be no power available. The distingtion between limited power
and no power canncot be overemphasized. Because lithium hydroxide 15 the
obvious absorbent for submarines—it weighs less, requires less space, and
reacts more rapidiy—it does not necessarily follow that it is the vbvious
absorbent for shelters.

Circulation power requirements are a function of absorbent efficiency
and effectiveness. Absorbent efficiency, strictly defined, is the ratio of tie
amount of carbor dioxide which is absorbed to th: amc ,rt of carbon dioxide
which can be abscrbed theoretically. Absorbent etie( riveness will be used
here as a rough dication of absoroent efficiency as a function of time,

PErTNe



Assuming a constant circulation rate, the power requirement is proportional
to the absorbent bed pressure drop. Bed pressure drop can be lowered by
decreasing bed thickness and by decreasing superficial velocity. Superficial
velocity is the influent gas velocity determined by the gasflow rate and the
cross-sectional area of an open bed. It is the velocity the gas would have if
the absorbent granules were not in place; it is not the velocity of the gas
flowing around or between absorbent granules.

Both the high and low temperature behavior of the absorbent were
questicned and were subsequently evaluated.® An initial shelter temperature
of 30°F 10 35°F is compatible with the use of Baralyme because subsurface
soil temperatures helow freezing are encountered only as polar regions arc
approached,?' and because there is a significant temperature rise from meta-
bolic heating within a sealed habitat which is buried. For example, a winter
shelter habitation test invoived seaiing the shelter for the first 3-1/2 hours of
occupancy, during which time the temperature increased from 52°F to 69°F 5
Furthermore, a delay exists between the time the shelter is sealed and the time
the addition of oxygen and the removal of carbon dioxide are required. These
delays can be estimated from Figure 2.

A number of conclusions and observations can be made from the
work repcrted in Reference 4.

1. The optimum absortent bed depth with regard to both pressure drop
(that is, power requirement} and overall effectiveness was found to be
nominally 5 inches.

2. The nominal pressure drop across the absorbent bed was 0.05 inch of
water with a superficial velocity of 7.5 fpm.

3. The superficial velocity must be as low as possible if absorbent effectiveness
is to be maintained. In short. the flow rate through the absorbent shouid not
be increased if power is available to operate a fan of any capacity.

4. The reaction efficiency of Baralyme is time dependent and increases with
1me.

5. The reaction efficiency increases disproportionately with contact time, as
determined by absorbent bed depth and superfictal velocity.

6. Water, which is essentiai for a sustained reaction, can be provided by the
liberation of hydrated water, by the reaction with carbon dioxide, by the
respiration and perspiration of the shelter occupants, or by a combination
of these.

7. Reaction efficiency is tlemperature dependent, presumably because the
moisture content of saturated air decreases with teimperature.

12
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8. Baralyme, because it contains hydrated water which is freed to enter the
reaction with carbon dioxide, is less temperature dependent than other
Ca (OH), based absorbents which are not effective betow 65°F .

9. The low temperature limit of Baralyme varies from 35°F 1o 50CF,
depending upon which of the chemical constituents of the absorbent are
active during the varying phases of the reaction,

10. The absorption rate of Baralyme, although ;low, is nearly constant.

The carbon dioxide concentration increases abruptly only when the aksorbent
is spent, the influent carbon dioxide rate is inzreased excessively, or the lower
temperature limic 1 exceeded.

11, Baralyme approached its theoretical absorption capacity during both the
raecirculation and cuid ci:amber tests, where contact ume and superficial
velocity were cptimized.

DESIGN CRITERIA

It is assumed that the basic design criteria for a shelter will inciude
some level of blast, radiation, biological, chemica!, and fallout protection. It
15 also assumed that the total period of occupancy will be at least 2 weeks,
during which time the chem:cal and thermal environment wili be controlled
by ventilating air which can be heated, cooled, and filtered as necessary.
External power, either emergency or commercial, will be available. When
a shelter is sealed, presumably because of a tepside firestorm, chemical
environmental control conditions which are peculiar to that situation and
no other exist, and suitable design c¢riteria must be fixed. In addition, require-
ments tor a specific air revitalization unit inust include intrinsic assumptions,
capacity for example, which are included in design criteria. The following
criteria, althiuugh arbitrary 10 some extent, are based primarily on NAVFAC
specifications from Reference 5:

1. There will be 100 shelter occunants.
2. The buttor-up period or sealed pericd will be 24 hours.

3. There will be no external power supply. This includes emergency diesei
generators which are assumed to be inoperable during firestorms,

4. The power to operate the unit should not exceed 0.03 hp.
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5. The selection of the type of structure is not essential as long as factors
influencing the chemical environment are considered. This includes adequate
insulation from the external thermal environment and provisions for minimum
space requirements for the occupants of the shelter. The free volume, that is,
the total volume less the volume of personnel and equipment, will be assumed
to be approximately 8,000 £t3 with an inner surface area of approximately
3,000 ft2.

6. The oxygen consumption rate wil! be 1.0 ft3/hr/man.22 This assumes that
the occupants of the shelter will be average men at rest or doing light work.

It is assumed that the carbon dioxide level will be centrolled to the extent
that shelter occupants will not hyperventilate and, therefore, waste oxygen
with an increased metabolic rate.

7. The carbon dioxide production rate will be 0.85 f¢+3/hr/man, which is

based upon a respiratory quotient of 0.85 and the aforementioned oxygen
consumption rate. The respiratory quotient is the volume fraction of carbon
dioxide produced to oxygen consumed. It can vary from 0.45 to 1.0, depending
on diet. A value of 0.85 is assumed for normal diets. It should be noted that
the respiratory quotient does not vary appreciably when a person does not

eat because the body continues to consume stored fat and tissue at a relatively
constant rate.22

8. Oxygen will be supplied at the rate at which it is used, and the concentration
will not be allowed to drop below 20% to 21% with normal respiration. From
Table 2, it can be seen that lower concentrations can be tolerated. For non-
nuclear submarines, which submerge for only a few hours at a time, the

limiting concentration is 17%.22 For the sealed shelter described here, there

is little economy to be realized with the lower concentration. To be specific,

if the concentration is allowed to drop from 21% to 15%, the volume of stored
oxygen can be reduced from 2,500 scf to 2,000 scf. This is the storage capacity
of two standard pressure cylinders. Potential restrictions resulting from sup-
plying the minimum oxygen requirements include no possibility of shelter
population increase, no possibility of an extended button-up period, no work
potential from the shelter occupants—in short, no factor of safety.

9. The design carbon dioxide concentration should not exceed 1% in order
to maintain reasonable comfort and weli-being as shown in Table 3. Fora
24-hour period, the concentration can be increased to 3% before severe
discomfort and hyperventilation occur. Design criteria for submarines vary
from 1% concentration on nuclear submarines to 3% for conventional
battery-powered submarines.2?
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Figure 3. Steady-state cancentrations of carbon dioxide and oxygen in shelter
atmospheres as a function of ventilation rate.

10. The air circulation rate within the shelter will be 3 ¢fm/man. This value

is based upon the minimum fresh air ventilation rate for chemical environmental
control as shown in Figure 3,22 1% should be noted that the maximum airfiow
rate through the carbon dioxide absorbent should nct exceed 300 cfim in order
to maintain absorbent efficiency.

11. Tne metabolic hieat input rate 15 assumed 10 be 400 Btu/kr/man Tor an
average sheiter occupant at rest (Figure 15, The heat rate will increase with
physical exertion and with 3 decrease in ambient temperature.'®

12. The initial temperature in an uncenditioned shelter depends primarily

on soil terperature. Soil temperature than sets the lower limit at approxi-
mately 359F since freezing a few feet benzath the soif surface does not occur
within the continental United States. The upper limit 1s set by the endurance
level of the shelter acrupants. The result is an overall range of 35CF to 90CF .14

13. Human factors must be considered within the framewark of design
ctiteria. The role of a protective shelter, operational or otherwise, 1s not
weli defined. 1t is possible that both civilian and military personnel wiil be
scheduled as NAVEAC shelter occupants, This pernuts a possible age range
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of 18 to 70 years. The prediction of physical conditions and state of health
is equally difficult. in short, physiological factors cannot now be estimated
with any degree of certainty and must, therefore, be treated conservatively
and circumvented, if possible. Similarly, discipline within the shelter, general
preparation prior to shelter occupancy, and basic indoctrination and famil-
jarization with survival equipment within the shelter must also be treated
conservatively at the present time. A piece of hardware designed for future
applications, which have not been enumerated, must be operable under many
conditions, if it is to be effective.

14. In general, operaticnal and functional parameters were given precedence
over economic parameters. Of the economic parameters, cost was considered
first, space second, and weight third. Individual components were designed

to facilitate installation. The total volume of the assembled unit was minimized
within the constraints of ai-flow resistance and power requirement.

15. Potential shock loading from blast-induced ground motion was not
considered. It was assumed that the tolerable overpressure would vary con-
siderably with the individual shelter. In addition, ground motion is a function
of both air-blast effects and soil structure. Appropriate shock isolation
techniques should be employed, depending on the requirement of the shelter.

16. Odors and trace gas contro! are of secondary importance. Odor contro!
will be effected because odor removal is neither difficuit nor costly and will
probably provide some positive psychological effect. Odors, although some-
times unpleasant, cause only transitory physiological effects, if any. For
example, nausea can be odor induced. In addition, the olfactory senses
adjust and become less sensitive on continuous exposure to the same odor. 13

17. Because the trace gas problem can be readily circumvented, neither
mechanical nor chemical control will be attempted. The most common
trace gasses are carbon monoxide and hydrogen. There are two primary
soukces of carbon monoxide, infiltration and smoking. If the shelter is prop-
erly designed, infiltration will not be a problem. Although cigarettes do not
produce an intolerable carbon monoxide level,! a simple smoking curfew
while the shelter is sealed would eliminate both carbon monoxide and a
primary odor source. Hydrogen, on the other hand, presents no physiological
hazard, but is readily combustible and will explode if general or localized
concentration is allowed to build up. Batteries should be the only hydrogen
source of any consequence within the shelters. Whatever battery power is
required for the internal opcration of the sheiter, iighting, for example, will
not produce hydrogen in dangerous guantities since only 0.083 pound of
hydrogen is liberated per 1,000 ampere hours.23 1f a significant hydrogen
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or other trace gas source is unavoidable, then the gas must be removed by
venting, by controlled combustion, or by catalytic oxidation with Hopcalite
or some other agent.’19 This is, however, a problem for the designer of
the shelter.

18. The prototype unit is designed for a storage life of 20 years. The unit

is designed for possible storage in a damp or otherwise corrosive environment.
Metal components are either corrosion resistant, provided with protective
coatings, or sealed in such a manner as to render the environment innocuous,
Nonmetallic components are similarly protected.

DESCRIPTION AND SPECIFICATION

A prototype air revitalization unit was designed and fabricated from
Government specifications and design criteria by the Ben Holt Company. The
unit is shown in Figure 4 and in the Appendix {drawings 70-27-1D through
70-27-6D). The prototype is capable of supplying oxygen to and removing
carbon dioxide and noxious odors from a 100-man habitat continuously for
a period of 24 hours, No external power is required to operate the unit. Air
circulation through the unit is accomplished by a battery-powered motor
driving a fan located on the downstreani side. Under actua) operating con-
ditions, carbon dioxide is absorbed by a dry chemical absorbent in a parallel
bed arrangement, with noxious odors being absorbed by an activated charcoal
filter. Oxygen is supplied from standard oxygen pressure cylinders. Two hinged
air distribution plenums separate the absorbent trays from the fan on one side
and the charcoal filter on the other side. The upstream plenum is designed to
evenly distribute the air passing through the absorbent trays. The downstream
plenum collects the air from the trays for distribution to the fan.

The total weight of the unit, including the absorbent trays when filled,
is tess than 2,000 pounds. The unit is capable of being dismantled into four
or more components to allow movement through personnel access passages
with right-angle turns and doglegs and through openings which are 2 by 4 feet.
The weight of each component is less than 400 pounds for ease of handling
during installation. The hot dipped glavanized frame and trays are enclosed
by galvanized sheet to provide corrosion resistance for the 20-year design life.

Carbon Dioxide Absorbent System
Baralyme was selected as the most promising carbon dioxide absorbent

for survival shelter applications. The theoretical absorbent capacity is
0.503 pound of carbon dioxide per pound of Baralyme or 29 pounds of
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carbon dioxide per cubic foot of Baralyme. The density of 4-t0-8-mesh
granular Baralyme is 58 lb/ft3. The cost per pound is $0.37 in quantities of
2,000 pounds or greater. The material is packaged in 2-pound cartons and
5 galion tins and 1s avatlable only through National Cylinder Gas, a division
of Chemtron Corporation. The ambient operating temperature range, accord-
ing to the manufacturer, is anproximately 35°F to 2129F. At 212°F, the
molecules of water of crystatlization start tc 1ose their bonds. The shelf life
of the absorbent is 4 to 7 years in the 2-pound carton and indefinite in the
5.gallon tins when s:ored at temperatures below 1009F. The granules are
resistant to erosion and fragmentation during storage. Superficiai dusting is
~controlled by an added wetting agent. The granules possess a high degrec of
porosity and permeability to gases. This permuts the use ¢f relatively large
granules, 4 1o 8 mesh, which lowers the pressure drop of gases passing through
an absorbent bed. A dye is added to indicate absorbent effectiveness during
usage. Unused absorbent is pink; the color changes to blue or purple with
use.
Twenty-four absorbent uays were placed for use as shown in Figure 5.
The internal unobstructed dimensions of each tray are 12 inches wide by
-20 inches long by 6 inches high. Each tray is equipped with four carrying
handles and is capable of being readily removed and replaced in the unit. For
design purposes. 40 pounds of Baralyme, the contents of one 5-gallon tin, is
placed in each tray. The bottom of the trays consist of 16-mesh hardware clotn
supported by an expanded metal grid. The vertical distance between trays is
6 inches. Two trays, end to end, are placed three abreast on four racks in two
separate sections. A metal frame supports the trays. An airtight metat housing
encloses the entire unit,

Oxygen Supply System

An oxygen supply and distribution system was designed for a 24-hour
requirement of 2,500 scf. Pressure cylinders were selected as the oxygen
supply, primarily because they are safe and easy 1o use. Hurnan factors
associated with untrained people governed the choice. The use of pressure
cylinders involves only two steps, opening a stop valve and setting a single
two-stage pressure regulator to meter flow through a flowrator. In addition,
the use of ten standard 250-ft3 oxygen pressure cvlinders is preferred because
such cylinders are readily available from any commercial vendor, The oxygen
enters the shelter through a diffuser—duct arrangement on the downstream
side of a circulation fan as shown in Figure 5. Thorough mixing of the air
and oxygen is essential not only for the general supply 10 the shelter but also
for the prevention of a fire hazard should uxygen-rich pockets exist. Asan
added safety measure, when the pressure regulator is set, a gressure swiich in
the ¢ ygen supply line turns on the fan,
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(a) Inlet view.

(6) Qutlet view.

Figure 4. Prototype air revitalization unit,
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Figure 5. Schematic of air revitalization unit.

Qdor Removal System

A charcoal filter was selected for odor removal. Inorder to minimize
airfiow resistance, an oversized filter was used. For example, if a filter sized
for a 1,000-cfm flow rate is used with a 300-cfm flow rate, the nominal pres-
sure drop is 0.05 inch of water. The charcoal filter is located on the upstream
side of the unit. Past investigations indicate that contaminated activated
charcoal will ignite spontaneously in @ normal atmosphere at temperatures
as lov gs 3600F.12-24  Ajthough activated charcoal is not readiiy ignited, it
does deserve 10 be treated with respeci as a fire hazard. With thisin mind,
the oxyger supply outlet and the charcoai filter were located on opposite
ends of the unit as far away from each other as possible. It was assumed
that an increase in cxygen concentration would potentiate any fire hazard,
spontaneous ignition or otherwise.

Air Circulation
Air is circulated by a battery-powerec centrifugal fan., The motor is

a 24-volt, eralosed, permanent magnet type. A Clarage Type HV No. 5/8
fan, whic £0% efficient, isused. This fan was selected because similar
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fans of this capacity are nominally 40% efficient. The efficiency of electric
motors also varied considerably. in addition, the belt between the otor and
the fan must be carefuily selected to minimize drag loads. Bates Pclyflex belts
and pulleys with a 5M width are recommended. The fan may be turned off or
on manually unless oxygen is being supplied, at which time, the fan is on:
continuously.

Stand-By Power System

A commercial stand-by power system manufactured by the Surrette
Storage Battery Co., Inc. which uses lead—acid batteries and which will remain
on trickle charge for 10 to 15 years with only yearly maintenance was selected.
Catalytic vent caps are used to recombine the hydrogen and oxygen emitted
by the battery during charging. Thus battery water is conserved, and the
hazard associated with the emission of hydrogen and oxygen within a con-
fined space is minimized. An enclosed battery rack was provided to house
the four 6-volt storage batteries. The rack is constructed to be attached tc
one side of the air revitalization unit. The enclosure was designed to facilitate
easy access for servicing and charging of the batteries. Suitable switches and
wiring were provided. The switches include a pressure switch and a manual
switch. The pressure switch should have a minimum activation pressure of
1.0 psi and is installed in the oxygen line downstream from the pressure regu-
lator and upstream to an orifice union.

Cost

Component cost, although not an overriding parameter, was considered.
Fortunately, many of the components selected on functional bases were also
the least expensive. Table 7 presents the estimated cost and is based on proto-
type unit fabrication costs.

PROTOTYPE EVALUATION
Test Program

It was assumed that the unit wouid be handled by untraired and
trained personnel. The untrained group would cope with the problems of
loading and operating the unit without benefit of prior instruction during an
emergency. The trained personnel would maintain the unit so that it could be
used with minimum difficulty during emergency situations. Therefore, the
unit was evaluated experimentally for use by trained and untrained personnel
as well as for chemical, mechanical, and structural performance.
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Table 7. Cost Estimates of Compornients

9 960 1b at $0.37/Ib.
b Jen cylinders.
€ Four at $49 each.

i

Item Manufacturer Model Cost (3) :_
Absorbent? - - 366 -
Oxygen? - - 650 i
Motor Globe Industries, Inc. 166A100-'0 10
Fan Clarage Fan Co. 5/8 HV 1500-AQ 130
Batteries® ségﬁt::::s,torage ey HG-100 200 %
Battery charger Motor Appliance Corp. 14447 150
8elts and pulleys Gates Polyflex SM 15 :
Qrifice Danicl industries, Inc. —~ 20 -
Oxygen manifold Matheson - 375 ;
Pressure switch - - 20 ﬁ
Pressure regulator Matheson 8-540 60
Block valve Rego 9500A 40
Charcoal titter Barnabey-Chaney FMD 310

Fischer & Porter Fiowrator| 3565 :
Flowmeter Tube FP 1/2021-G-10 80
Metering float 1/2-G-SVT-45A
Frame and enclosurc? - - 1,000
. i
Totai 3520

[P

4 Estimated for 100 units.

The test program was divided into two pnases. The first phase included :
testing various components separately (for example, the battery charger) and
checking pre-operational functions of the unit (for example, assembly and
disassembly, ease of tray loading and accessibility). The original phase two
test plan nciuded a 24-hour continuous operation test of the integrated system.
An intearated test program would have been considerably more definitive,
since possible interaction among functions and components could have been
observed. 1t was, however, necessary to abandon the integrated test, but major
components were tested continuously for 24 hours.
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Test Setup

The unit was installed in an 8 x 11 x 15-foot sealed test chamber
(Figure 4b). Carbon dioxide was to be produced when a metered oxygen
supply was consumed by a bank of propane fed catalytic burners. Catalytic
burners were selected because they produce only carbon dioxide and water
as products of combustion because of their low combustion temperature. In
addition, the low temperature flame would make the burners quite safe to use.
In short, it would be relatively simple to simulate human respiration. Unfor-
tunately, the burners were lost in shipment, and a company strike which
followed precluded their use within the time frame of the test. An open
fiame burner system was considered but was discarded b - :ause it would pro-
duce a contaminated gas mixture and create a fire hazard. The usefulness of
such a oas mixture would be doubtful since the constituents—carbon dioxide,
carbon onoxide, hydrocarbons, and water—would require constant moni-
toring and would generally be suspect.

In lieu of the proposed phase two test, the major components were
tested separately by function. Oxygen flow metering was checked with a
flowrater and weigh scale. Oxygen mixing was checked qualitatively by
spraying dust into the gas inlet for the diffuser duct. The absorbent section,
including battery-operated fan and charcoal filter, was tested in a sealed test
chamber into which a predetermined carbon dioxide flow based on respiratory
guotient and number of occupants was discharged. The unit and the room
were extensively instrumented. A thermocouple was buried in each of the
24 absorbent beds as shown in Figure 6. Since the absorbent reaction is
exothermic, the relative activity of each bed can be monitored readily, and
information such as any anomalies among air distribution patterns through
the absorbent beds can be obtained. In addition, four thermocouples were
placed randomly about the room, a fifth was located near the unit inlet, and
a sixth was located in the flow path from the unit outlet. This group would
{1) indicate the existence of temperature gradients in the room and {2) bz a
relative indicator of gas mixing since the air leaving the unit should be warmer
than that entering the unit because of the reaction within. Another thermo-
couple was affixed to the fan motor along with a volt meter and ammeter to
measure performance. A final thermocougle was located it the room
surrounding the sealed test chamber. [t was assumed that chamber tempera-
ture would be a function of the outside temperature because of heat transfer
through the chamber walls.

Relative humidity within the chamber was measured because the
carbon dioxide reaction with Baralyme is sensitive to airborne water. A
Hygrodynamics Electric Hygrometer-Indicator, Model 15-3001, was used to
measure the relative humidity.,
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Figure 6. Filled absorbent tray with thermocouple lead in place in the unit.

Two pressure measurements were taken. 7 he first indicated flow
resistance across the absorbent section, while the second indicated velocity
head in the fan outlet duct. These measurements were taken for two reasons.
First, since the fan is battery-powered, its performance should degrade with
time. Second, the flow resistance of the Baralyme bed increases as the reaction
progresses. This change in the material is observed as a formation of a hard
top crust and is presumably caused by the exposure of the absorbent to water
vapor.
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Carbon dioxide input was metered through a flowrater and checked
with a balance scale. The carbon dioxide bottle wes simply set on the scale
and weighed before it was opened, periodically while it was emptying, and
when it was empty. The carbon dioxide concentration in the sealed chamber
was determined by two Qrsat type carbon dioxide indicators, specifically,

F. W. Dwyer G-6% CO, Indicator, Model G57-1-432. Two indicators were
used in order to establish data credibility.

Required Data

Two types of data were required, performance and environmental.
The capability of the unit to remove carbon dioxide and to add oxygen, in
other words, to control the chemical environment, is the primary measure
of performance. Performance is a function of the environment in which the
unit operates and, therefore, must be measured. For example, carbon dioxide
absorption is enhanced by elevated temperatures, carbon dioxide concentra-
tion, and relative humidity, A performance test, to be meaningful, must
therefore be conducted in an environment which is within the bounds of
human tolerance.

However, a most significant part of performance data is concerned
with how amenable this device is to successful operation—from installation
and maintenance to emergency use. Such data are generally qualitative, It
is, for the most part, compiled from observations and, unfortunately, is
subjective,

TEST RESULTS
Phase One

Following fabrication of the unit the contractor performed a number
of tests to determine if contract specifications had been met, These included
a soap bubble test for external leaks, flow resistance tests across the absorbent
section, and a power requirement test. All but the latter were affirmative. It
was found that the 1/2-inch-wide V-belt between the reduction gear and the
fan caused excessive drag. The belt and pulleys were replaced with a 5M width
Gates Polyflex belt system, and the unit then performed satisfactorily.

A rather conspicuous flaw appeared in the unit when it was disassembled
at NCEL. The baffles or panels, which rcante air around the absorbent trays,
were bolted 1o the absorbent section of the unit. In such a position they
would be difficult to remove in order to load the trays during emergency use.
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It was concluded that they should be moved to the plenum/door where they
could be permanently placed, would not hinder unit operation, and would
stiffen the plenum/door structure. Accordingly, the Appendix drawings
70-27-5D and 70-27-6D were changed. During assembly it became apparent
that to use bolts and nuts to fasten the plenum/door to the absorbent section
was rather cumbersome and not in keeping with the untrained operator design
consideration. A system of latches was selected to replace this arrangement.
This modification is shown on drawing 6807-3.

Following the initial disassembly/assembly check, the unit was again
disassembled and moved to a sealed test chamber. The disassembled unit was
passed through a 26-inch-wide door and reassembled inside without incidst.

The batteries to power the unit were fifled with fluid and brought up
to full charge. They were discharged for 24 hours across a known resistance
which simulated the fan motor load. The results are shown in Figure 7. Since
this check was successful, the batteries, battery charger, and fan motor were
connected. Two problem areas were noted. The batteries would discharge
through the charger when it was not operating, and there were two charging
voltages, 27 voits and 38 volts. The fan motor ran nicely on 27 volts, but it
would not accommodate a 38-volt input. Originally it had been planned to
power the fan motor through the battery charger when 110-VAC power was

available. 1t had also been planned to leave the charge connected when 110-VAC

power was not available and the motor was on battery power. Neither was pos-
sible, and the most direct approach was simply to take the charger off the line
at those times,

Fan speed was checked and was found to be 870 rpm, which was high
but acceptable for the battery-powered situation. |t was assumed that speed
would be lower with older or partially discharged batteries. !t should again
be noted that even if power is available the superficial velocity through the
absorbent must not be excessive or absorbent efficiency will drop. It was
found that the reduction gearbox was very ncisy. The contractor was notified.
A similar observation had previously been made by the contractor who had
contacted the manufacturer and was assured that the noise was typical. How-
ever, the tone and noise level was mast annoying, and it was concluded that
the gearbox arrangement would not be acceptable for sheiter use.

The oxygen supply system was checked.for flow rate and dispersal.
The experimentally determined flow through the metering orifice was plotted
along with the contractor’s calibration curve in Figure 8. Oxygen mixing with
air and subsequent dispersal was checked by injecting powdered chalk into the
diffuser—~duct section en the downstream side of the fan. Photographs of the
dispersal pattern are shown in Figure 9. From these patterns it was conciuded
that mixing would be adequate. The fan motor pressure switch was tested.
The minimum trip level was found to be 24 psi; from Figure 8 it can be seen
that 24 psi represents a considerable flow rate. it was concluded that this
switch was inadequate for its intended use,
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{a) During formation.

{b) Fully developed.

Figure 9. Chalk dust dispersal pattern.
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Phase Two

During the phase two test, two men loaded the unit with 960 pounds
of Baralyme (twenty-four 40-pound cans) in 2 hours without effort. The
loading operations are shown in Figures 10 and 11. A number of potential
problem areas were noted, however,

Baralymie trays must be property oriented before they are inserted.
Admittedly, it would be awkward to install a tray backwards, but it is possible.
Each tray has a pair af lugs or cams mounted on the sides at the forward end
which slide along rails. The lugs permit the tray to slide into place before
settling onto the soft foam gasket beneath it. If the tray i. slid backwards,
the gasket materiai could be damaged, and the tray would not seat properly.

Sharp edges were encountered which should either be brcken off or :
be covered with a protective material. *

When the unit was loaded, the structure deformed slightly. Since the £
plenum doors had not been converted to latch shut, they were difficult to
close. The bolt pattern in the door did not change while that on the abscrbent
secticn deformed shghtly.

The 24-hour test was started at 1545 on 8 April 1969. The test :
proceeded without mcident for some 13 hours until 045C on 9 April 1969.
At this time the speed reducer failed. The disassembled gearbaox is shown
in Figures 12 and 13. The failure was due apnarently to gear 1ooth wear
which was precipitated by operatirg at speeds higher than recommended.
However, 1t should be noted that, although the gearbox was operating at
30% over-speed, it was only operating at 5% of the rated torque, 500 in.-oz.

It was concluoed that the best solution was to use a siower speed motor and
effect speed reduction with belt pulley sizes, thereby eliminating the noisy
and troukblescme gearbox.

The test was restarted at 0600 on 9 April 1963, The 24-VDC fan
motor and gearbox were replaced by a 110-VAC motor. Fan speed was
somewhat slower at 750 rpm, but it was adequate to continue the test,

The test results are shown on a 24-hour time scale in Figures 14
through 17 and in Tables 8 and 9. Ky data are the carbon dioxide concen-
tretion level which reached a maximun: value of 0.7% after 15 hours, For a
respiratory quotient of 0.85, the carbon dioxide input would be 85 scf/hr for
a 100-man simulation. The average ingut during the test was 82 scf/hr which,
although [ow, is acceplable within experimental error.
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i Figure 12. Motor with broken speed reducer.

Figure 13. Stripped spur gears in speed reducer,
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Figure 14. Test results for electrical system performance.
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Figure 15. Test results for chamber environment.
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Figure 17. Test results for airflow characteristics.
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Table 9. Test Chamber Temperature

Temperature I°F) of Tiermocoupie | ozated gn—

Test
1‘:\;\; Unit Unit Left Left Left Right Right Right
Iriet Qutlet Front? Center Rear Rear Center fFront
o} Al 67 73 73 73 N 72 73
a5 72 70 73 73 73 72 73 73
1 75 78 76 77 76 76 76 76
1.5 78 85 80 79 79 79 79 79
2 80 89 82 82 81 81 82 82
25 82 91 84 84 83 82 83 83
3 84 93 86 85 84 83 85 84
4 85 95 87 86 85 85 86 26
5 85 a5 87 86 85 85 86 86
6 85 a5 87 86 85 85 86 86
7 85 96 88 87 86 86 87 86
8 86 96 88 88 86 86 87 86
9 86 97 B8 88 B7 86 87 g7
10 86 96 89 88 87 87 88 88
IR 86 95 88 87 86 86 87 87
12 86 96 88 87 86 6 87 87
13 87 87 89 89 88 88 88 88
135 84 [0 85 8s 84 84 85 85
14 85 92 86 86 85 85 86 86
15 87 a5 88 88 87 87 88 86
16 89 98 90 90 89 89 80 89
17 92 100 93 93 92 93 93 93
18 94 102 96 96 95 95 95 95
19 a5 103 97 97 95 97 97 a7
20 97 105 98 99 98 99 98 98
21 99 107 160 100 100 100 69 100
22 100 108 100 100 100 100 100 100
23 160 108 100 o, 101 1o 100 100
24 J 100 108 100 101 101 1N 100 101

4 Orientad tacing fan.

b Restart.

The battery and fan motor combination performed well with a total
power requirement of only 0.08 hp. Assuming 50% efficiency for the motor
and gearbox, the power required at the fan wculd be only 0.04 hp, which is

acceptable. 1t should also be noted that the uait flow resistance did not

increase with absorbent use as had been anticipated (Figure 17).
activity as shown by the thermocauple records in Table 8 was relatively con-

Absorbent

stant. The thermocouple placement is shown in Figure 18. This would

indicate a good match of bed airflow resistance and airflow pattern through

the unit.
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Figure 18. Thermocouple placement.

DISCUSSION OF RESULTS

In general, the chemical performance of the unit was excell:-nt. No
flaws were noted in the absorbent section. That is, the absorbent trays per-
formed ettectively because each was properly shaped and located within the
unit for egual infiuent air distributior: and flow rate

Minor structura! problems were encountered which could be corrected
by simple design modification. For example, using fatches to seal the plenum
doors would eliminate the problem caused by structw gl deformation. In
addition, the air distribution baffles or panels should be moved from the
absorbent section 10 the plenum dcors in order tu simplify tray loading.

Electrical and mechanical probleins were more significant. The
battery chiarger must be isolated from the emergency electrical system 1o
avold battery discharging when 110-VAC power is not available, and when
it 1s desired to uperate the fan motor from a 110-VAC supply. A proposed
scheme is shiown in Figure 19, Tie gearbox must be replaced and preferably
elimmated. It is recommended that the No. 166A100-7 Globe Motor be
replaced by a No. 186A100-10 Globe Motor, or egual unit, which has half
the speed. This motor combined with a 4:1 belt pulley speed reduction system
and 24-VDC power supply should provide the proper fan speed without the

H
z
H
3
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gearbox. The safety pressure switch in the oxygen line should be replaced
by one with a lower pressure actuation limit. Although the orifice or some
restriction shou!d be retained in the oxygen line downstream to the pressure
regulator in order to activate the prassure switch, flow should be metered by
a flowmeter rather than by the orifice. In addition, the flowmeter should be
calibrated directly in terms of the number of people on board. Using a chart
or {formula to convert need to flc./rater setting would be cumbersome and
quite probably ineffectual. Steps should be taken (for example, painting
directional arrows on the trays) to insure that the trays are properly oriented
when thev are inserted into the unit so that the cam lugs will stide on their
guide rails. Finally, the battery charger should be shielded as much as possible
from dampness in the sheiter during emergency use. Placing the charger in a
well-ventilated sheet metal enclosure would allow condensation to occur out-
side of the charger thereby minimizing potential shorting problems.
Although problem areas were encountered, the solutions seem
straightforward, and it was concluded that the test results were affirmative.

battery
charg.r
H | 115 VAC
10 amp
H DPDT-NC
————
f
!r
24 vDC

115 VAC

L—:ﬁ- 10 amp
pressure manual DPDT-NO

] 115 VAC
#—* 10amp
DPDT-NC

power
~ supply

115 VAC]

Figure 19. Battery charger isolation schematic.

3



OPERATING INSTRUCTIONS

Adequate instructions are essential. {nstructions should be extremely
simple and terse because most people will simply not bother to read a detailed
instruction manual. All possible judgements should be eliminated. The reason
why the unit is required and a simple explanation of how and why it works
should be provided bezause a promulgation of misinformation must be avoided.
These requirements are quite obviously not compatible. A variety of people
will be involved. Some will be content to follow instructions, others will not;
skepticism, curiosity, inadequate or erroneous prior information are all possi-
bilities, A possible solution is to prepare both a very brief instruction list and
also a - nopsized instruction manual with a detailed and descriptive appendix.
It is recommended that this probiem be studied in depth.

The occupants of the shelter must be made aware that a dangerous
environmental situation exists in a zealed habitat. The existance of the unit
and its intended function must be conspicuous. In addition, the unit should
be activated when the shelter is sealed because there i3 no confidence in the
ability of untrained people to uce emergency oxygen and carbon dioxide
detectors successfully.?® Even worse is to base the need for air revitalization
on opinion.® The decision to seal the shelter might well be premature; this
does not, however, affect the internal environment.

't would be preferable if Baralyme could be prepackaged and stored
within the unit ready for use. This is not possible at the present time. The
occupants of the shelter must load the unit. This will consist of emptying
the contents of one 5-gallon tin (40 pounds of absorbent) into each of the
24 trays. All of the Baralyme trays must be filled evenly. The airflow through
the sbsorbent section of the unit will take the path of least resistance. 1f some:
of the trays are not filled evenly, or even worse if left empty, the airflow will
simply bypass the absorbent and render it ineffectual.

Another groblem could involve preparing the unit for use, loading the
trays, activating the fan manually, but neglecting to turn on the oxygen supply.
The unit will control the carbon dioxide level well below any sensory warning
thieshold. The lack of oxygen is insidious in that it is not accompanicd by
disturbing sensory phenomena in the absence of an increased carbon dioxide
concentration. In short, no one will miss the oxygen.

It is assumed that the following instruction sheet will be made
conspicuous and placed near the entrance to the shelter or some other center
of activity as well as by the unit itself.

1. Locate the air revitalization unit.

2. When the shelter is sealed, proceed to operate the unit. If the
shelter is not sealed, the unit will not be required,
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proceeding.

10. Open cylinder valves F.

11. Open stop valve G.

Open doors B and C and remove trays D.

Spread the Baralyme evenly in each tray.

Unlatch drawbars A around doors B and C. Figure 20.

Fill each tray with the contents of one 5-gallon tin of Baralyme.

Replace all trays. Make sure that each tray is filled evenly.

Close doors B and C and latch tight with drawbars A.

Switch on fan E. NOTE: Make certain fan is operating befoie

12. Set pressure regulator H to give desired flow through flowmeter !,
NOTE. Screw regulator handle in to increase flow.

!jsbanery

N

wF
s
SN

Y

I~
SN

Figure 20. Diagram for operating instructions.
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CONCLUSIONS

1. Dry chemical carbon dioxide absorbents are superior to both chemical

solution absorbents and regenerative absorption systems for short-term,
limited power application.

2. Proper absorbent bed configuration and influent gasflow rates are essential
for both absorbent effectiveness and minimal circulation power requiremenis.

The optimum bed thickness was found to be 5 inches, with a superficial velocity
of 7.5 fpm.

3. If power input is to be conserved, careful component selection 1s mandatory
since efficiency was found to drop sharply with power require nent.

4. For survival shelter applications, Baralyme was selected as the maost promising
dry chemical carbon dioxide absorbent that 1s available commerciaily.

5. Pressure cylinders, when used with a flowmeter, were selected as the most
promising means for oxygen storage and dispersal.

6. An acuvated charcoasl filter was selected as the most promising means for
odor control. Trace gas control was not atternpted.

7. Either battery or a manual power supply system is suitable. There is little
10 choose between the two systems. The manual system, which v 1 bicycle-
driven fan arrangement, is less expensive and is easier to stare. The vattery
system, on the other hand, 15 easicr 10 operate and, in thiat sense, is safer

8. In general, the chemical, mecharical, and structura! aspects of the design

of the air revitalization unit have been resolved. A similar assessment cannot

be made for the human element inherently invoived withs the operation of the
unit.

RECOMMENDATIONS

1. Existing ermergency lighting systems should be investigated because i1 1s

probabie that only stight modifications would be required in order to accom-
modate the power requirement of the air revitalization unit. An integrated
system wouid probably involve extra batteries which would share a common
charger.

2. Reseach is needed to determine the normal power capabilities of a realistic

cross section of male subjects exposed to elevated temperatures and vitiated
atmospheres,
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3. Research is recommended te determing levels of competence of untrained
people under stress. The ab:lity to follow instrucuions and t2 use hife-support
equipment properly 1s of primary concern,

4, Continued research is required to improve nonregenerative carbon dioxide
absorbents chemucally and to improve mechanical aspects of absorption
technigues.
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Appendix

AIR REVITALIZATION UNIT DRAWINGS

43

l b

i

il el G e

B gl g

Al e,

o ulleip S

PR TP T oY

Vot el L, g i A Il G e




Q1-£2-0.
o R S

WLOO-T 82 -BONLT N AAYR AN

s..licﬁ.kw;ﬂ.ﬁ.a:.wu.d oy M~.¢r.§ N e S TN |
™ AR LR e et e e e #teed St mA o

r
‘0 1T0H NI 3K el | hasiel - MITIA Nviag Linn

S A Lok L
e LA e X =211

tenasem b 925n sovt) Pemy Vercuen

[
OV a Ao allivd e
[T T AY T TeNE-NE |
Wimm dmr 0 ¥
TN

1 e
-
«ra TS -4.-..»»m..
Lt N I

; | wwor [ERCON | Py 2 I O
e T A
Lo | .
= Leswes P .
N sevmwee

LYY

waHNIEE 3

i)

ST

K=k -l
L3S
A3l~d
aiiebA 1) gy g oI
IR KR E A
[Jolown
r=="
_ e L .
orTLD=RS IN3@adcEY | o BAG04414
_ _ 1ol
Ly | C
t i 1
' N
o1 oo . T tom2
BFOIYYE - Y1kl

¥ awvcrwis)
WIg ™ 1A Lo

$300 (99, @ Suisen n .
o nem Behhiia Tenem 14 v vev. W

PRSP e R RN LY

44



Sy e e T . e Tt Ve ey - -

Ca2-42-Cu

2] 2-2067 MITA RS Mol lyratd
LT RN T Y LN N S . . B
e BEULLL i eareie Drennvr avees’ R - I - e [
Aa.mwﬁm_‘bmu»njnkn.»rw ﬁJ R e ey o —ea . Rk
NOI1lv2 1 NvaAIT N Cor it avwemen o |, memmeens
05 110H N3® IHL er mr e — —— . / . .’.f...;. 5 N
I W T 7
IRVDVEN = Leml s 4 IREL LR LI P FE TS N |
CYRILZS - e
RET AR E Toa s Ameze I & = S ] e TTEZEETS l.b)??)t!\o!L\.«* '
? i
v ! - -
1 L PR
Lieeg;
o~w-~ . M
P DY . 2
I ' . it I
- | I T e LT e e
— - " ~ D \ M
RS v aes.urs Matweimr
I
.. ! "aw.de AV lE
- w h Uret e
1
1 [} -
s el
- _ Hay SR Ny
TR RTIAT N Y i St Y SN —
LR 2 e _ 4 - Py —— e e e e s gre e . —————
T L = prbadalindntafiuiinviy _sieiebot PRy
[EPRIRRA \
o = R TINE AR LA M [ECR TS !
LomeEDY 291 ) WeAY R B amart ‘.
MIIA dol v st wae d awriane ® \ RO M AL evasna P14
o L P el Whe 20b ! » ¢! L AL »Jn:co:\.c»..u’.ﬁ B
! . B LI LN v :
== Luecune Rwils Mo Sy e b e
1 f== T . Savre waNire teg
. AVREO Pl YR -
{ /M PO dRAITHOLNT AWen 8. ftul® i
(aw=3vey 92 AF=¢CY  Whnrae :
MNBLEOUN S v wRLvn [WOneD . . —
a ~ L R LTS n..uilh...nx-uini||»|.|||m
| o ey
G H .
J.l.l.lllﬂ’ o dtindidng Shrd n p—
RS e melien so1
() AR S .
Lok G wwsae PRREraier Tkt
T hetAth PR AN
MIIN ASYY mR2 ROy ! “ ¥ 1 l‘.l‘“-d‘ll'l'll.lil‘l.ll'llllkt.
. = AT Sy Sevainres
.nvre L VoW T ITW RTTEITTL e S T -
et W mane - 4 DA Ll B P 17" ﬂ PO
et an . el m
T AV ..._—,:\ T
W .ers 7 e e mymmw
¢ e 2] '
!
&
(O N
OIIR 12 NS oL mrees T
, ’ AT AL MR TN €l | mamm——at
' el DR iwmriec
Bl €O SNBSS HANND "
nO 4TWE AW UONWY LA Wl
- RS Attt M L N WS w »
LSl L RN ol X 0
cTe el I T b i ~O a?R
Lmawroany 13°R o mwest
WRETRITENNN ST YR N
L IR P a _
Cure’ te bwo wwe AR
LAt et SRR w.ﬁl

45



3] sitoeols

SLEO TP HRSLA - A o O
pouy

.Ti;ulkknmwwﬁm.muuu“.ﬂ ey
‘O 1TOM NIt 3HL
Lk I Sal2

. .

25TV I SN,

LI L
TS LR
nﬂqudxaﬁmﬁl.uipku. S LIPS
STy, -

i
!
!

. 4 L)
neiwme Arwavetey ,
i el a a ]
) JTETIA x 5 :
| G on s
¢ Loeny reve e

280w . wre

Slrew % wos snsy F-auld
~emw—y -y v

(S B RCLILIY
v 7

(==

i

- Woiiyae
LICEE R ]
P e
SR A2 Deerd SevtE Bo Wl ,
AR Woe LI~ Jeu i
ST~ Ates wee
el FAULLRED Jo Cv-wwiwal .
ITAIBE \
.- . Venece imalre See mpwilya biue s itjons
‘ v ) wrmmts LR N Bes ~UwibYy SRl or (fom,
: x islon

wowOrNaD Yo
v .0 VO« oWy FBWEL

—
THSVE BI8N A0y R Sa LN SEE K

e
@ [N rBIANOD

46

(moilre) ™8 L% LArreneosey 42 —
e LWALRS WD mWUIivae Wes er LIRS Ay
Paie — D G T W S —————
P ——
MERON Tdig REXEREEE]
Falcae =nreo
— .10 -
%o *wa.v ﬂ.l((» »
| e e e e —_— awmis $3AELLYSL W ..
LTV
< PR & R AL Tl
- MWW e —
1 b PUUDE.
———, e e, —————— Ao b
Sr st Anv. Yy e =




" M n . . .
OO D @V 4LQLA ™ Aaw i A0

eXvul - e >
5wt e vy il e

'0) L1T0H N8 IHL I — =

mane - WYIYY
. ~32> vhe
2RIA02 ltoTd TO4
“dinD ilvodans
L I O

W AT
AS

-
“ = rrTeeTTETD
(3 Far
¥

¥ - a L T
_ . &
N
- [ o Tl . ~ Iy
!
- - * U 3N “ 1t
- ¢ o -— —_— -_— X

P w Bd

BIO~ amllOS
¥, S wimg

BAS B0 A7
b . -$-
of ]
Rl
- — -
Fl
g g s,
A [aiL 2
T -
o |
~win ey
e VYW
=y it
' e ’
' : TR w ~
A= Ly !
] P‘ A Loty —
! §
_ LoGraew J eJEB Tt (7 ’
L3N N A - Avnveiie Mwnrwey
' RSN
' 1 Do tond
. . iNtS
" R N A2 Frraieaad ﬁ.
i £ ra [ 2
| ' o .
LEXED (v dad) S woms [ - 5 & =
- - w - TR T e B »
‘ . AP Al e
A 0r y oVl Y rver
“FEVA aoL
e AT - -
_ LY . I
i ot Sughurme oI
R -—--
Swese @b si~w0 v T
oo MAEATNTTLRED P ey
] [N}
Yy !
' PR
Ta - - JOSE
o PO,

anre = wivee

e TN AW

PhE NG

L5331 1" S v

47




WLOEC T G4 GurL® =~ anvm Lt T . - - ”rn
e N . - o - - o —— . —— .
= .o . ¢
WA TL LSS o R L LR L I T .
. e amm e ANY cssasye e e . | U |- ~!.‘nllltJJcL-vc|-inulknulton

‘0D 110H N38 3Kl St e -

-———-- -

[ 5 . fiaiap -
2 1 m__.l.l | LI T |
L P i
A hl
. . ! N .
; enismam T Seeed o [ —
' N waaey ' o] . _
1 [

_ -
»
. i
: ]
R
b4 " s
fgrad yuseny = e
LR B0 e

PRk S i
7 _ i
N 1

- q- < T PRI
I el g 4 R
. 1 '
’ - B ] 7!
(wr ot \errewe 2w} vy
enecOL LSy 1 " P Y ™ 1 haso
i )
it GRS
m 1 ! BT A |4
! " L} !
—amv v . /
e wy ey pmeten A v uy st NWIwE B 1 f
LYSR-DSN g S-S RL-CE RN, 1 _L J

cammanadly

1 N N e e ettt i

teaed,
— -—vine -
”

- . - . -

- . SO - - P
L anrener

WmLEm e jamere s SR
EERTRERC S o bR FEIARI
PR

e S KLY
CL R AN , \“

48




o Y

B R S s - -
L R T
WEEC . T @ BHVI® N AAwnua b . o . —_— —_—
PO N . . K4 -
Ivedgey NeAe i, %) -. e e yoi o ove sasne o] 1Ty -y ! ]
‘0D LT0H N38 IKL e hbaned - ,ﬁ
|

o By

]
i
~sene t
! t
! 1AV
i AU tOAuy B3i0n B, B
H LA A
' -
¥
t
. n‘l‘
e
. o i
R IUI LN AL)
1 LY Rt -
!
WATHS OL LW 1 O
t ..\».L By Yehd R LA R 3] ! 2 “
) obe
Nw e a I
' - w MTRISEAALAY el
L%~ MeiaA Yaees o
H Bs WM = wEAIIY N
t
t - - . - - [ |
..._ > 1
twsad Y, e ~Ne T
e nm EYE e
bl 13 - AV n™ BPFePA Ny
[ ™ < |
4 p
Y. N amAse Por he
PL SV st T ne n ==l .
.
4 ] s i
h y oy
waned - b germmmt
SO o . Cas e
o ~e ._.m...-.M.uw ” . nias
| eS| L
iy R R e - -
¢ "y i
TYUFN
. ' -~ e 4
X Id ®ssn0g aNED vo -~
| 1 ! - P -~ P .- L -

I

49



REFERENCES

1. Naval Civil Engineering Labcratory. Technica! Note N-846: Conceptual
study of air revitalization systems for protective shelters, by R. J. Zablodil,
J. M. Stephenson, and D. E. Williams. Port Hueneme, Calif., Oct. 1966.
{AD 817186L)

2. General Dynamics Corporation. FFeasibility study of carbon dioxide
absorption by chemical solutions, Tnase I, by J. L. Dodsen. Groton, Conn,,
July 1967.

3. . Feasibility study of carbon dioxide absorption by chemical
solutions, Phase Il. Concept development, by J. L. Dodson. Groton, Conn.,
Sept. 1967.

4, Nava! Civil Engineerina Laboratory. Technical Note N-987: Air
revitalization for sealed survival shelters, by D. E. Williams. Port Hueneme,
Catif., Dec. 1968. (AD 681009)

5. Naval Research Laboratory. Report NRL 5882: Studies of the Bureau
of Yards and Docks protective shelter, |. Winter trials. Washington, D. C.,
Dec. 1962.

6. Franklin Institute Research Laboratories. Final Report F-B1883: Manual
blower development, by G. Vermes and G. P. Wachtell. Philadeiphia, Pa.,
Sept. 1965. (Contract OCD-0S-62-280) {AD 623840)

7. Ralph M. Parsons Company. Report 3326-1: Shelter package ventilation
kit development, by C. L. Macdonald. Los Angeles, Calif., Mar. 1965.
(Contract OCD-PS-64-23) (AD 458655)

8. General American Transportation Corporation. Gensrai American Research
Division. Report GARD 1278-4.1: Experimental prototype package ventila-
tion kit, first structural and human factors test, by B. A. Libovicz and

H. F. Behls. Niles, 11l., May 1965. (AD 633233)

9. . . Report GARD 1278-4.2: Preproduction prototype package
ventilation kit, second structural and human factors test, by B. A. Libovicz,
R. B. Neveril, and H. F. Behls. Niles, I1l., Aug. 1965. {AD 632963)

10.—— ——. Report GARD 1292: Psychological, engineering, and
physiologica! evaiuation of shelter equipment and procedures, vol. I. Summary
and review, by H. A. Meier and G. Engholm. Niles, 111., Feb. 1967. {Contract
OCD-PS-66-9) (AD 653019)

. Report GARD 1292: Psychological, engineering, and
physiological evaluation of shelter equipment and procedures, vol. 111,
Habitability studies, by R. W. Smith and C. A. Madson. Niles, lil., Feb, 1967.
{Contract OCD-PS-66-9) (AD 653020)

50



11.——. MRD Division. Report MR 1190-50: Environmental control systems
for closed underground shelters, by T. R. Charanian, et al. Niles, lil., Apr. 1963,
(Contract OCD-0S-62-56)

12. Navdi Research Laboratory. Paper: Fire and noxious gases: Effect on
internal environments of protective shelters, by J. E. Johnson and E. A. Ramskiil.
Washington, D. C., Sept. 1965.

13. Naval Civil Engineering Laboratory. Technical Note N-354: Shelter
habitability studies: The effect of odor in 2 shelter and ventilation require-
ments, by J. S. Muraoka. Port Hueneme, Calif., Nov. 1960. (AD 250620;
PB 154689) '

14, National Research Council. Proceedings of the meeting on environmental
engineering in protective shelters. Feb. 8, 9, and 10, 1960. Washington, D. C.,
Nationa! Academy of Sciences-National Research Council, 1960,

15. American Society of Heating, Refrigerating and Air-Conditioning
Engineers. ASHRAE guide and data book, Applications. New York, 1964.

16. General American Transportation Corporation. General American Research
Division, Report GARD 1266-F: Shelter forced ventilation requirements using
unconditioned air, by R. J. Baschiere and M. Lokmanhekim. Niles, 111., Feb. 1967.
(AD 661096)

17. Naval Civil Engineering Laboratory. Technical Report R-493: Cooling
analysis for protective structures located above and below ground, by
J. M. Stenhicnson. Port Hueneme, Calif., Nov. 1966. (AD 642431)

18. Army Corps of Engineers. Manual EM-1110-345-450. Engineering and
design: Heating and air conditioning of underground installations. Washington,
D. C., Nov. 1959.

19. Naval Research Laboratory. Repart NRL 5465: The present status of
chemical research in atmosphere purification and contrcl on nuclear-powered
submarines, by R. R. Milier and V. R, Piatt. Washington, D. C., Apr. 1960.

20. Naval Civil Engineering Laboratory. Technical Report R-151: Lithium
hydroxide cannisters for personnel shelters, by R. J. Zablodil, J. M. Stephenson,
and R. S. Chapler. Port Hueneme, Calif., June 1961. {AD 258753)

21. Army Cold Regions Research and Engineering Laboratory. Technical
Report 100: Ground temperature observations, Fort Yukon, Alaska. Hanover,
N. H., July 1962.

51



22. American Society of Heating, Refrigerating and Air-Corditioning Engineers.
Symposium on survival shelters by the ASHRAE Task Group on Survival Shelters,
during the 69th annual meeting, June 25-27, 1962, Miami, Florida. New York
1963.

23. J. H. Perry, ed. Chemical engineers’ handbook, 3rd ed. New York, 1950.

24, Naval Research Laboratory. Report NRL 6090: The ignition and com-
bustion properties of activated carbon containing absorbed hydrocarbons, by
F. J. Woods and J. E. Johnson. Washington, D. C., July 1964. (AD 604426)

22 Cenera! American Transportation Corporation. General American Research
Division. Report GARD 1277: Shelter atmosphere monitoring instruments,
by A. L. Kapil and R. J. Baschiere. Niles, 111., Jan. 1966. (AD 642416)

52



Unclassified

Secunty Claxsification
M—

DOCUMENT CONTROL DATA-R&D

(Security clasaitication of title, body of abstract and indexing pnnotation must be entered when the overall report i classified)

1 ORIGINATING ACTiviITY (Corporate author) 20. MEPOMT SECUR'TY CLASSIFICATION

Naval Civil Engineering Labaratory Unclassified

Port Hueneme, California 93041 . enous

w

REPORT TITLE

AIR REVITALIZATION UNIT FOR SEALED SURVIVAL SHELTERS

. OEICRIPTIVE NOTES (Type of report end Inclusive dates)

Not final; July 1965 to June 1969

S AUTHC AR (Firat name, middle initial, iast name)

D. E. Williams
4 REPOMY OATE - Te, TOTAL NO. OF ®aGES 6. NO. OF REFS
October 1970 53 25
T CONTRAACT ON GRANT NO. 96. ORIGINATOR'S AEPORT NUMBELA(S)
». smosect no. YF 38.534.006.01.014 R-697
€. »d. Fmv:'t.:’::-oav NO(3) (Any othet numbers tha! may be sssigned
L2

10. DISTRIGUTION STATEMENT

This document has been approved for public release and sale; its distribution is unlimited.

1. SURPLEMINTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Naval Facilities Engineering Command
Washington, D. C. 20390

13 ABSTARACT

An air revitalization unit for use with sealed survival shelters without an external
power supply was developed. The unit is capable of supplying oxygen to and removing
carbon dioxide and odors from a 100-man personne! sheiter for a 24-hour period. The
system utilizes (1) a dry chemical absorbent {Baralyme) for carbon dioxide removal,

(2) pressure cylinders for the oxygen supply, {3) an activated charcoal filter to remove
odors, and (4) a battery-powered fan for air circulation. A prototype unit was designed,
fabricated, and tested. Following tests of individual components, a 24-hour continuous
test of the unit was completed. (n general, the test results for the chemical, mechanical,
and structural aspects of the air revitalization unit were affirmative. A similar assessment
cannot be made for the human element inherently involved with the operation of the unit.

FORM { )
DD 1 NOV 151 4 73 PAGE 1 Unc!aglﬁed

S/N Q101.807.6801% Secunty Classification




